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Identification of potential drug target from Plasmdium falciparum Abstract

ABSTRACT

Antimicrobial drug resistance has an impact on global health problem. The resistance against
anti-malarial drug in the context of Plasmodium falciparum has gained much attention to
discover and developed new anti-malarial compounds. B-hydroxyacyl-ACP dehydratase (FabZ)
from Plasmodium falciparum has been reported as the drug target for antimalarial drug
fosmidomycin. FabZ is an enzyme in the fatty acid biosynthesis pathway (FAS-II). It is essential
for many pathogens and is absent in human, which makes it a good target for drug discovery. In
order to find more lead chemicals for the drugs against this enzyme, we have performed in silico
screening of novel antimalarial compounds with it structure. The structure of FabZ was
downloaded from PDB database (PDB ID: 3AZ9) and validated by computational tools.
Screening was done with the software package MOE and the ChemBridge database. Among the
chemicals in the database, 35 molecules have been found to have good affinity to FabZ. Six
selected molecules of them have an affinity score between -15.851/Mol and -9.260.36 KI/Mol.
To investigate the interaction pattern between these chemical and the target protein, these both
were docked into the active site of FabZ. In the docked model, hydrogen bond interactions and
hydrophobic interactions were found between the ligand and protein. Ligplot was used to
demonstrate the details of the interactions. Conserved residues His133, Phel 71, Met140 Glnl45
and His133, involved in hydrogen bond interaction. Neutral nonpolar amino acids His98,
Phel34, Prol41, Glyl42, Vali43, Glul47, Alal50, GInl51, Phel69, Leul70, Phel71 and
Phe226, involved in hydrophobic interactions. To investigate is the chosen chemicals form stable
complexs with the FabZ, we performed docking and molecular dynamics simulation with the
complex structures. The results indicate the ligand/protein complexes stay stable over the course
of the simulation, which is a good indication that the chosen chemicals have good potential to be

developed as inhibitors against FabZ.
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Chapter No 1 Introduction

Methods, based on the polymerase chain reaction for the dection of the DNA of parasites
have been developed. However, due to the cost and complexity these methods have not been
used in areas where malaria is common (Singh ef al., 2007). Both tropical and subtropical
regions around the broad band of the equator, which include the Sub-Saharan Africa, Asia,
and Latin America, are affected by malaria (Hunter et al., 2007).

The World Health Organization (WHO) estimates that in 2014, an estimated 3.3 billion
people are at risk of being infected with malaria and developing diseases worldwide in 2014,
and approximately 1.2 billion are at high risk (>1 in 1000 chances of getting malaria in a
year). In 2012, about 207 million cases of malaria were reported. It is estimated that malaria
killed the people between 0.4 and 0.8 million. Many of them are children in Africa (Figure
1.4). Malaria can cause poverty and it negatively effects the economic development of the
country (Worrall et al., 2005). In Africa, due to the the increased healthcare cost, loss of
ability to work and the negative effect on touraism, 12 billion dollor (USD) per annum are
lost by the malarial infection (Greenwood et al., 2005).

Non-Falciparum malaria is caused by P. ovale, P. vivax, subspecies, P. knowlesi, or P.
malariae. Data are limited regarding the transmission and control patterns of non-Falciparum
malarias. In the Americas and Asia, where the transmission of malaria is usually low and
seasonal, P. vivax and P. falciparum malaria have nearly the same preponderance, P. ovale
and P. malariae are primarily found in the sub-Saharan Africa and constitute < 10% of
isolateé. Currently, non-Falciparum malaria comprise approximately 25% of all imported
11,000 cases of malaria in Europe per year (Su et al., 2007). The first-line treatment for
uncomplicated Falciparum malaria is Artemisinin combination therapy (ACT), it is the
primary recommendation. This therapy is recommended for P. knowlesi and traveller’s
malaria in endemic areas, whereas chloroquine (CQ) is still the standard drug for P. ovale, P.
malariae and P. vivax in most countries (Obiol-Pardo et al., 2011).

Different treatment’ recommendations may have several drawbacks in the clinical
practice for the treatment of non-falciparum and P. falciparum malaria. More importantly,

the misclassification of Plasmodium spp. is very common whenever non-falciparum
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Review of Literature

-~ Malaria is one of the-world's - most-common and serious diseases causing death of about 3 million
people each year. Its most severe occurrence is caused by the protozoan Plasmodium falciparum.
There are numerous factors that contribute to the persistence of malaria. Vector control is
hampered by financial constraints and insecticide resistance. Treatment programs are limited by
the poverty of most endemic areas, and despite enormous efforts an effective malaria vaccine is
still not available. The anti-malarial treatment has depended on drugs developed decades ago,
and the occurrence of resistance against almost all available drugs has largely contributed to the
recent resurgence of malaria. Biomedical research could enable treating the disease by
effectively and specifically targeting essential enzymes of this parasite. However, the parasite
has developed resistance to existing drugs making it indispensable to discover new drugs. The
recent successful completion of the genome sequencing of Plasmodium falciparum, the causative
agent for the most severe form of malaria, has been a milestone that provides a tremendous
amount of information on a genetic level (Gardner et al., 2002).

A series of highly promising and so far unknown or only scarcely described metabolic
pathways in P. falciparum were identified through the genome project, among which a complete
type-II fatty acid biosynthesis system (FAS-II) could be detected (Gardner et al., 2002). The
FAS-II pathway represents a particularly interesting drug target. as there are major differences
between the structural organization of the plastid-associated enzymes found in plants and most
microorganisms including Plasmodia, and the cytosolic enzymes of mammals and yeast (Rock
and Cronan 1996). The discovery of a series of compounds (e.g., thiolactomycin, diazaborines,
isoniazid, triclosan) that can selectively inhibit FAS-II pathways served to validate FAS-II
enzymes as drug targets (Waller et al., 2003). The third step in chain elongation during fatty acid
biosynthesis in P. falciparum is carried out by the B-hydroxyacyl-ACP dehydratase (P{FabZ) and
corresponds to the primary dehydratase (EcFabZ) participating in fatty acid biosynthesis of £.
coli. These findings clearly demonstrated the essential role of fatty acid biosynthesis, and it could
be shown by us and others that P. falciparum FAS-11 may comprise very attractive novel targets
for the development of new and selective anti-malarial drugs. (McLeod et al. 2001). In the recent

studies we have established a simple computational tools, which analyses the topology of the

Identification of potential drug target from Plasmodium falciparum 9







Chapter No 2

-

Review of Literature

the problem come in the way of drug discovery like, large amount of money to invest, human

resources plus a big time period.
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Figure: 2.1 Stages of the new drug discovery process.
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Chapter No 4 Results

Figure 4. 2 shows the RMSD of the FabZ. The RMSD were plotted as a function of time. The
figure 2 shows that the RMSD raised up to 1.5 Angstrom during the first 10 ns. This shows that
the structure undergoes some structural changes to remove any bad clashes between atoms. The
RMSD remain unchanged all over the simulation. This shows that the structure is now stable and

reasonable for the further docking purpose.
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Figure 4.2 Root Mean Square Deviation Of FabZ.

4.2Molecular Docking and Binding affinity calculation

The Resultant refined structure from The MD simulation was used as receptor for the
docking purpose. The Molecular Operating Environment (MOE) software was used as docking
software. The already reported inhibitors were drawn using the Builder module of MOE and
docked in the active Sitcof :FabZ.
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